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E. I. pu PoNT bE NEMOURs & COMPANY

e MEJALRLIE

LEGAL DEPARTMENT June 28,
INIT 67726794

Mr. Robert Brink

Executive Secretary

Interagency Testing Committee (TS-798)
U.S. Environmental Protection Agency
401 M Street, S.W.

Washington, DC 20460

Dear Mr. Brink:

Hexamethylenediamine (CAS 124-09-4)

This letter provides information supplementing
Du Pont's 2/8/85 submission to the ITC for the above cap-
tioned chemical. Specifically, this letter clarifies
certain statements made in that submission regarding the
removal efficiency of Du Pont's Parkersburg, WV site's
biopond and provides copies of toxicity studies referenced
as ##1, 10 in the 2/8/85 submission at Attachment IV, p. 1ll.

& Attachment I: Reference #1; Acute Toxicity
(Fish) (1965)

Attachment II: Reference #10(a)-(i)
e 10(a) Du Pont's files do not
currently contain the refer-
enced study.

10(b) Letter report (4/22/47)

10 (c) Acute toxicity test
(2/3/48)

10(d) Preliminary Report on
the toxicity of 1,4-bis(amino-
cyclohexyl)methane. (HMDA
reference at p. 3).

10 (e) Evaluation of Acute LCs
{(bluegill sunfish) (2/13%/69)

10(f) Skin primary inhalation
test (6/23/69).

10(g) Skin inhalation test on
rabbits (6/12/72).

10(h) in vitro microbial muta-
genicity studies (7/10/75).

10(i) oral LDsqo (rat) (2/23/81).
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Attachment III: The Du Pont literature search
erroneously lists the inhalation
ten-minute ALC in the mouse as
158 ppm. This number, quoted
from the Registry of Toxic Effects
of Chemical Substances (RTECS)
is incorrect. The original report,
upon which the RTECS notation was
based, gives the ALC as 7.5 mg/l
which is 1575 ppm. Du Pont has
provided the ITC a copy of the
original reference as Attachment
ITI. The poor quality of the copy
is in the original.

With regard to the removal efficiency of the on-site
waste water treatment plant {biopond) at Du Pont's Parkersburg
site, all process vent streams go through water scrubbers to
remove HMDA. The scrubber effluents are directed to an
activated sludge wastewater treatment plant. The combined
stream from the scrubbers is estimated to contain 200 1bs.
per hour of HMDA based on a nonspecific titration test.
Treatment system efficiency for specific chemicals is not
available, since specific chemical analyses of influent and
effluent are not conducted. However, reduction of Biochemical
Oxygen Demand (BODg) is 99%+. BODs5 is taken as a measure of
the quantity of organic chemicals in a given waste stream.
Treatment system influent and effluent BOD5 are measured four
times weekly. HMDA is biodegradable and the BODs factor for
it is 1.3 1lbs. BODg per 1lb. of HMDA*. We would expect it to
be in the influent stream to the treatment plant at about
400 mg/l and in the effluent stream at less than 5 mg/1.

uly yours,

Mark H. Christman

*"Hardbook of Environmental Data on Organic Chemicals" by
Verschueren, Second Edition.




ATTACHMENT I

DU PONT (HASKELL LABORATORY) LITERATURE REVIEW

REFERENCE #1
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SUMMARY

* At the request of Mr. R. L. Hackert of the E. I. du Pont de Nemours
and Company, the Limnology Department of the Academy of Natural Sciences of
. Philadelphia carried out a series of experiments designed to provide information
eoncerning the acute toxicity to fish of two samples labeled, 100 percent
Adipic Acid and concentration 76.37% Hexamethylenediamine. These were sent
to the Academy by Mr. Hackert of the Seaford Plant of E. I. du Pont de
Nemours and Company. T
The following results were obtained:
100 percent Adipic Acid
24 and 48 hour Thz 165.7 ppm :
B.S.C. 49.7 ppm

Concentration 76.37% Hexamethylenediamine

. 1. 24 and 48 hour Tlm expressed as total sample 0.0105% by
volume

B.S.C. expressed as total sample 0.0032% by
volume

*2, 24 and 48 hour TLm expressed as Hexamethylenediamine 73.5 ppm

B.S5.C. expressed as Hexamethylenediamine 22.4 ppm

wThese figures were calculated by the du Pont Company based upon total sample
Tlm and B.S.C.




S 5 2 Ggn et >
ot % e - i Grm % e e
i o - = = 7 %
i = 20 = = = 4 7
@ al i - o "
i i 7 7 i o e <
- el 2o 5 i o i S = A L 5 = 7z
3 oo - et ! % = =
By o i iz 52 i :
., . R

’ INTRODUCTION

At the request of Mr. R. L. Hackert of the E. I. du Pent de Nemours
and Company, the Limnology Department of the Academy of Natural Sciences
carried out a series of acute bicassay tests on two samples labeled 100 percent
Adipic Acid and concentration 76.37% Hexamethylenediamine sent to the Academy

by Mr. Hackert. The experimental organism used was the bluegill sunfish,

Lepomis macrochirus Raf. The dilution water used was Nanicoke River water sent
to the Academy by the Seaford Plant. 1In all tests a dissolved oxygen con-
centration of 5 to 9 ppm was maintained. The results, therefore, do not
include any deleterious effects that might have been due to an oxygen demand.

This work was carried out by Dr. Arthur Scheier.
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, METHODS AND PROCEDURES

The Test Organism:

The bluegill sunfish Lepomis macrochirus Raf. was used for test purposes.

This fish is found in ponds and lakes and is intermediate in response to many
toxic materials.

Thg fish used in the tests were between 4 and 7 em. in length,
measured from the anterier tip of the head to the end of the caudal fin. In no
test did the length of the largest specimen exceed the length of the smallest
by more than SO% The fish were acclimated to the laboratory for a period of one
week. They received no food for 36 hours before a test or during a test period,
and each fish was used for only one test. Only healthy fish were used. Stuck
cultures of fish which had more than 5% mortality during the period of
acclimatization were discarded.

Apparatus:

The test containers were S-gallon glass jars. Each was fitted with an
aeration tube (7 mm outside diameter) which extended the length of the jar, and
a short air vent that also served as an aperture through which a Tygon plastic

.tubing would be inserted for periodic sampling. The Jérs were filled with
dilution water and placed in a constant temperature vat kept at 22° *1°C,

Conditions of the Test:

Dilution water: Natural river water supplied by the Seaford Plant.

Dissolved oxygen 5 to 9 ppm Constant Temperature 22° * 1°c,



Addition of Test Chemicals:

The volume of sample necessary to produce a given concentration was
added to the dilution water and the mixture was oxygenated slowly to prevent
foaming.,

Addition of Test Organism:

Ten fish, each measuring 4 to 7 cm. in length, were added to the
mixed solutions after the dissolved oxygen had been raised to the required leve
Control:

A control jar was maintained with each five test jars. 1In each
control jar 100% survival was required.

Calculation of the Biologically Safe Concentration:

The methods used for calculating the acute biologically safe
concentration were those used by Hart EE ii’l and by Doudoroff EE 3&'2 for test:
toxic materials on fresh-water fishes.

{hese tests were designed to determine the concentration of toxic
materials which would kill 50% of the exposed organisms in a given time
interval. The concentration of toxic material 1s expressed as the median tolers
‘limit (TLE). In these tests the chosen time intervals are 24 and 48 hours. The
concentration of chemical may be expressed as parts per million (ppm) or per-
cent by volume, Thus, for chemical X, a 24 hour TLE equal to 5,2 ppm indicates
that 8 concentration of 5.2 ppm of the cheaxcal would kill 50% of the exposed

organisms in 24 hours.

1Hart, W. B., b, Doudoxoff, and J. Greenbank, 1945. The evaluation of the toxici
of industrial wastes, chemicals and other substances to fresh-water fishes. Th
Atlantic Refining Company, Philadelphia, Pa. 315 Dp.

2Doudoroff‘, P., B. G. Anderson, G. E. Burdick, P. S. Galstoff, W. B. Hart, R. Pa

E. R. Strong, F. W, Surber, and W. M. Van Horn. 1951. Bioassay methods for the
evaluation of acute toxicity of industrial wastes to fish. Sew. and Ind. Waste:
23 (11):1380-1397.



In ealculating the biologieally safe concentration (B.S.C.) the

following equation was used:

B.S.C. = {48 hr. Wp) (0.3) . o 24 hr. TLp
se 48 hr, TLm_

Thus the concentration of chemical in the water which would be

considered bioleogically safe is that in which the organisms would be expected

to survive.
RESULTS
100 Percent Adipic Aeid
Conc. ppm % Surv. 24 hrs. % Surv. 48 hrs.

75 100 100
100 100 100
124 100 100
150 A 100 100
187 0 0
210 0 0

24 and 48 hr. TLm 165.7 ppm
B.S.C. T 49.7 ppm

Concentration 76.37% Hexamethylenediamine

Cenc. % by Volume
of Total Sample % Surv. 24 hrs. % Surv. 48 hrs.

0.0065 ' 10C 100
0.0087 _ 100 100
0.0135 0
0.018 0
0.037 0

24 and 46 hr. TLm expressed as total sample 0.0105% by volume
B.S.C. expressed as total sample 0.0032% by volume

%24 and 48 hy. TLm expressed as Hexamethylenediamine 73.5 ppm
B.S.C. expressed as Hexamethylenediamine 22.4 ppm

* These figures were calculated by the du Pont Company based upon total sample
Tlm and B.S.C.




: CONCLUSIONS ;
- - Both samples tested manifésted a major acute lethal effect upon the !
fish during the first 24.hour period of exposure. If concentrations of these
) samples approaching the TLm concentration are rcached in a stream, the lethal
effect will be seen within the first 24.hour period of exposure to these con- ;
centrations. ;
’%‘? i . I
i '
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Report 26-U7

April 22, 1947

HEXAMETHYLENE DIAMINS AND
HEXAMETHYLENE DI-ISOCYANATE

As per our phone conversation o April 21,
hexamethylens diemine is & skin irritant and will
also irritste the eyes and mucous memnbrene of the
nose end throat. Our experimental work has been
on rats only, but concentrations as low as 1% (in vaseline)
produced contact irritation of the skin.

We h .« earried out acute toxicity tests on rats
with hexsmethylene di-isocyanate snd f£ind the oral
M.L.D. to be 0.94 grams per kilo body weight. Rats -
that died showed gastrio irritetion with edema and
syanosis of the mucosa and some neorosis of the
‘Buperfieclal cells of the mucosa. Reports from I.C.I.
indieate that heoxemethylene di-isocyanate is highly
irritant to the skin end eyes. In addition, it is
ebsorbed rsadily through the skin so that care must
be token to svoid skin contact when the eompound 1s
being handled., °

HASKELL, LABORATORY OF
INDUSTRIAL TOXIGOLOGY

) : Joehn H, Foulger, M.D.
Director

BY3 Allen §. Fleming, b.D.
Assistant Diveotor




‘Report 8-48

Pebruary 3, 1948

AGUTE TOXICITY TESTS WITH DIISOBUTYL HEXAMETHYLENE
DIAMINE, MONOISOBUTYL HEXAMETHYLEWE DIAMINE, AND
HEXAMETHYLENE DIAMINE (MEDICAL RESEARCH PROJLCT

. These three compounds have been fod to rats in single
jarge doses end in repeated small doses to determine their aocute
goxielty. Their effect on the skin has been atudied ln guinea
pigs. e results of the tests are summariged below:

8kin Tests :

A. Contsect test with the undiluted compounds spplied at
1:00 P. M., October 10, 1OQ4T7:

Bffeot on the Skin from Con

with?
]

taet
H

?ime Hexamothylene U ionoisobut Diisobuty
10/20/47 1310 PM  erythera orythema negative

800 PM skin darkening skin darkening V81 eryth

200 PM 81 necrosis 81 neorosis skin derk

1@/‘21/%; 330 AM  ekin necrotie skin neerotie  skin meor
10/22/87 e-o--==  pocrotie arsas beginning Lo separate
B. Oontact and sensitisetion test with e 27 squeous solutio
of Hezamothylene Diemine end Monoisebutyl HD and a
solution of Diisobutyl HD im sbsolute alcchols

Initiel Pinal Patoh
fioxamotixylone D
Pidsobutyl D e 3 a0
»iscbutyl HD [ 10

81ight irpitatien of the skin wes neted with Dilecbutyl
)4sebutyl HD in the initlal %est but mot in the finel toaf

fleno of tho eompounds sppoar to sensitise guinea pige. 4 £inal




February 3, 1948

injoction givon after the customary ten-desy resl period did not
produce any systemic reaction in the guinsa pips.

Oral Tosts

A. Single dosecs

Dose in
Compound mg(Kilo Result Following Treatment

Hexanethylene D 100 Survived, gained weight moderately well
bso Survived, gained weight very slouly
670 Survived, lost wanight
1000 Diocd 16 days aftor trestment (lost
3% of eontrol weight)
1200 Died overnight
2250 Died overnight

Monoisobutyl HD 100 8urvived, moderate galn in weipht
200 Survived, moderate loss in weight
%00 Survived, mearked loss in woight
0 Died 66 hours efter treatment
670 Died 20 hours after trestment
1000 Died evernight

Diisobutyl HD 100 Survived, moderate gain in weight
200 Survived, moderate loss in welght
%OO Survived, moderate loss in weight

0 Died 23 bours after treatment

670 Died houra sfter treatment

1000 Died 4 hours after treatnent

B. Repeated smasll doses (one fifth of the M.F.D.)

Doge
Compound No. Rets mg/Kilo lo.Doses Ho.Died Result Following Trost.

Hox. 6 300 10 1 (after Group falled to gain
10 T.) weight
Mono . é * 90 10 2 Group showed a loss
in welight
Bi. 6 g0 30 0 Group failed to gain
welght

Hexamethylene Diemine appears $o be somevhat loss texie
than the ether two eoﬁgounda, although the general action of all
three eompounds is muel the same end eppeers to be associsted with
thelr caustie g?@pertiaa. This 48 borne out by the findings at
eutopsy whon the chiof pathology mgted was in tho stomech. The
rats fod single doscs of the sompounds prester than 200 ag/Kilo
almost invargably showed an apsute hemopghagie gastritis, end

¢hose fod repeated small doses showod slight thickening ef the
itning of the stomeoh when sacrificed elevon dayuy efter the finsl
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digestion due to the acute gaatritis.

treatmnent.

Diiso-~

the main

In case
mpounds,
Copious
f these

g Hexamethylene
g Monoisobutyl and
be
being handled.
ricient if one o

Skin contact appears to

and care should be taken

wed in handlin
to avoid such ocontaect.
frustie natare of these ¢o

the skin should be washed at once with
hen they are

1

In view ef the ¢

present precautions follo
lgs should be worn ¥

d be adequate for handlin

. The
Diemine shoul
cxamethylene Diamine.
the eye with water should be suf

butyl H

hazard,

g of
eompounds is splashed in the eye accidentally.

of eooidental contact
plenty of water.
safety gogg

e

HASKELL LABORATORY OF

INDUSTRIAL TOXICOLOGY

MC DO

Jdohn H. Poulger,
Director

M. D,

»

Asgistant Dirsstor

Allan J. Flemin

BYs
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WOODARD RESEARCH CORPORATION

HARMACOLOGY

LABORATORY AND CONSULTING SERVICE

BRANCH OFFICE

?ESEARCH CENTER FHIATY BASY 42N0 BTRBEY
NEW YORK, NEW YORK 100
IXECUTIVE OFFICES TELERHONG 212-083.8200
12310 PINECREST ROAD ERIMENT
EXPERI STATION
ERNDON. VIRGINIA 22070 February 19, 1969 OPHELIA VIRGINIA 83830
ELEPHONE 703:437-1600 Herndon, Virginia * TRLEPHONE 703-48B3-7B1

Dr. Gilbert L. Lescanec

Employee Relations Department
Haskell Laboratory

E. I. du Pont de Nemours & Company
Wilmington, Delaware 19898

Dear Doctor Lescanec:

® Enclosed are ten copies of our report entitled
"Hexamethylene-Diamine (HMDA) - Evaluation of Acute
Cso for Bluegill Sunfish.

If you have any questions concerning the
report, please let us know. ,

Sincerely yours, ]

Carter D. Johnston, Ph.D.
Biochemist .

CDJ :amy

Enclesures




o WOODARD RESEARCH CORPORATLON

LT : ~dh

E., I. DU PONT DE NEMOURS AND COMPANY

* HEXAMETHYLENE-DIAMINE(HMDA)

) EVALUTATION OF ACUTE LC50 FOR BLUEGILL SUNFISH

MATERIAL: A bottle containing a light yellow liquid and clear
crystals and labeled "Hexamethylene-Diamine, Acute Bioassay
Test, HMDA " was received from E. I. du Pont de Nemours and
Company, Inc., on August 9, 1968.

A copy of the label is appended.

PROCEDURE: Bluegill sunfish (Lepomis macrochirus), obtained
from the George Mazur Enterprises, Washington, D.C.,
were held for a minimum acclimation period of five days.
During this period the fish were fed Purina Trout Chow
daily. After acclimation, 100 fish selected to give a

» population uniform in size were held 72 hours without

food in deionized water which was reconstituted by adding
CaSO4 (30 mg/l), MgSO4 (30 mg/1), NaHCO3 (48 mg/l1l), and

KCl (3 mg/l). The fish were then placed on experiment
as follows: '

Concentration Number of
Material - PPM Fish .
Control - 10
Acetone (control) (1.8 ml) 10 :
) HMDA 56.0 20
HMDA 32.0 20
HIMDA ’ 18.0 20
HMDA 10.0 10

HMDA 5.6 10




WOODAKD RESEARCH CORPORATION

The experiment was conducted in glass jars, each con-
taining 15 liters of reconstituted water which was aerated
Prior to the addition of the toxicant and fish. There
were five fish per jar. The mean weight of the fish

was 2,3 grams and the mean length 5.6 em (N=10). The
water temperature ranged between 66 and 68°F during the
course of the experiment.

To each jar was added directly 1.8 ml of an acetone solution
of test material such as to achieve the desired concentration.
Concentrations were recorded as parts per million (ppm) .

To each solvent control jar 1.8 ml of acetone was added.

The figures shown are the concentrations immediately after
introduction of the test material, and not necessarily the

sconcentrations in the water during or at the end of the
test.

RESULTS: The fish were observed frequently during the experi-

ment, and deaths during each 24-hour period were recorded
as follows:

Concentration Cumulative Mortality
Material ppm 24 hxrs 48 hrs 72 hrs 96 hrs

Control - 0/10 0/10 0/10 06/10
Acetone (control) (1.8 ml) 0/10 0/10 0/10 0/10
MDA 56.0 0/20 0/20 0/20 0/20
HMDA 32.0 - 0/20 0/20 0/20 0/20
HMDA 18.0 0/20 0/20 0/20 0/20
HMDA 10.0 0/10 0/10 0/10 0/10
HMDA - 5.6 0/10 0/10 0/10 0/10




WOODNARD RESEARCH CORPORATION

- 3 -
Duration HMDA '
__Hours LCSG— :
48 2 56.0 ppm
96 9 56.0 ppm

In addition to the lack of mortality there were no toxic

signs observed throughout the course of the experiment,

CONCLUSION: The results of this investigation indicated that
HMDA has a 96-hour LC

The data that H'DA
to bluegill sunfish.

50 ©f£ 56 ppm in bluegill sunfish,
presents a low toxicity hazard

G4l

Walter B. Knott, B.S. Bl
Biologist

Carter D,
) Biochemist

Submitted: February 19, 1969
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E. I. du Pont de Nemours and Company
Haskell Laboratory for Toxicology and Industrial Medicine
Elkton Road, Newark, Delaware 19711

HASKELL LABORATORY REPORT NO. 111-81

Material Tested
1, -Hexanediamine®

Studz.Initiated/Comgleted

11/4/80-2/11/81

ORAL LD50 TEST IN FASTED AND NONFASTED RATS

Procedure: The test material, as a suspension in corn o0il, was administered
by intragastric intubation in single doses to 9 groups of 10 nonfasted and &
8roups of fasted young adult Crl:CD® male rats. A Range Finding Study was
conducted to determine the initial dose level for the LD50 test.,** The
surviving rats were weighed and observed during a 14 or l6-day recovery

period ,and then sacrificed. The LD50 value was calculated from the mortality
data using the method of D. J. Finney. ##%

Results:

FASTED?

o’

Dose Average Body  Suspension Average Mortalitcy

(mg/kg) Weight (g) - (%) Dose (ml) Ratio LD50%%%%

1,000 251 4,18 8/10 792 mg/kg
800 210 4,21 7/10
700 226 : 5.27 2/10
500 229 3.82 0/10




NONFASTED

Dose Average Body Suspension Average Mortality

(mg/kg) Weight (g) (%) Dose (ml) Ratio LD50%%%%

2,00011 247 10 4.95 10/10 1,127 mg/kg
1,600 245 10 3.92 10/10
1,400 251 4.39 9/10
1,300 258 4,19 9/10
1,250 261 4.65 9/10
1,200 264 4.18 0/10
1,100 254 3.98 5/10
1,000 *253 4,21 5/10
800 256 : 4,09 0/10

Clinical Signs:

FASTED

1,000 mg/kg Weakness, stained and/or wet perineal area, stained face,
moderate weight loss. All deaths occurred with | day after
dosing. .

800 mg/kg Weakness, lacrimation, stained and/or wet perineal area,
stained face, pallor, diarrhea, chromodacryorrhea, and
slight to moderate weight loss. All deaths occurred with 2
days after dosing.

700 *mg/ kg Heakhess, stained and wet perineal area, stained face,
dlarrhea, congestion, alopecia, and slight weight loss. All
deaths occurred with 1 day after dosing.

500 mg/kg Heakness, stained and wet perineal area, stained face,
congestion, and slight weight logs.

NONFASTED

2,000 ng/kg Salivation. All deaths occurred with 1 day after dosing.

1,600 mg/kg Weakness. All deaths occurred with 1 day after dosing,

1,400 mg/kg Weakness, diarrhea, stained and wet perineal area,
chromodacryorrhea, stained face, and severe weight loss.
All deaths occurred with 2 days after dosing.

1,300 mg/kg Stained and/or wet perineal area, stained face, diarrhea,
veakness, and severe weight loss. All deaths occurved with
2 days after dosing.




1,250 wg/kg

1,200 mg/kg
1,100 mg/kg

1,000 mg/kg

800 mg/kg

Weakness, stained and/or wet perineal area, stained face,
and slight weight loss. All deaths occurred with 1 day
after dosing.

Stained perineal area and slight weight loss.

Weakness, stained and/or wer perineal area, diarrhea,
lacrimation, stained face, and slight to moderate weight

loss. All deaths occurred with 2 days after dosing.

Weakness, stained and/or wet perineal area, stained face,
and moderate welght loss. All deaths occurred with 1 day
after dosing.

Stained and/or wet perineal area, stained face, weakness,
congestion, and slight to moderate weight loss. -

wvelght loss.

Summary: 1,6-Hexanediamine is slightly toxic when administered orally to
young adult Crl:CD® male fasted and nonfasted rats; its LD50 in fasted rats
is 792 mg/kg of body weight and non fasted is 1,127 mg/kg of body weight.
Clinical signs most frequently observed ware: weakness, stained and/or wet
perineal area, stained face, diarrhea, congestion, and slight to moderate
All deaths occurred within 2 days after dosing.

égnonzms

. * Composition: Y0.54% 1,6-Hexanediamine

9.46% Water

o Hexamethylenediamine
o 1,6=-Diaminohexane

*%* A Range Finding Study produced deaths at 2,250 mg/kg, after dosing at
670 and 2,250 mg/kg, ! animal per dose level.

. %%% Finney, D. J., Probit Analysis, 3rd Ed., 1971, Cambridge University
Press.



X3

w%¥%x 957 Confidence Limits

Nonfasted Rats

Fasted Rats

594 mg/kg
6

344 mg/kg

i,
12,

3

o) of
A
S~
85 &9
=] -]
T 0
[ X3
~

~d
-t

Lower
Upper:

fasted 24 hours prior to dosing.

t Animals were

portions, 15 minutes apart.

t1 Administered 2

% 1/

Hall

Joha A.

00,

Report by:

Technician

| 9
Gerald L. Kengedy
Chief, Acute Investigdtions Section

Approved by

JAH:v]

Dashiell

LO

0.
February 23, 1981

Study Director:
Date lssued:

111-81

Report No.




ATTACHMENT III

ion

inhalat
quoted
ces

ich the
ich

ity of

ts the
This number,

from the Registry of Toxic Effects of Chemical Substan

is
The poor qual

1 report, upon wh
the ALC as 7.5 mg/1l wh

Du Pont has provided the ITC a copy of the

igina

The or
gives
1.

igina

the mouse as 158 ppm.
t.

in

terature search erroneously 1
the or

incorrec
in

is

1l reference as Attachment III.

(RTECS)

RTECS notation was based,
1575 ppm.

the copy is

1S

-~ Q
~ ]
<€
+
S
o
A
=
3 -H
a7
(-
L0
B

origina




(T-n=) umd - & - £zoqreip/ tdutiogoryd-g) ‘evisldy -~
h
iefwp o1) £atTedasm offC ‘(M) v/ Ba Tie & .
Jefv 91 Kattvarom o2/CT (vt Ea acto >
m (efep L) SayrmiIem o2fo8 (KLU T/him Gate - (nydedlem
: TH” X gy oyl A { AL -~ fengorie-3)a3q-2 v.n ‘evminag Ay 4
OFp o1} LarTeagem ol L/ tSa T Sy ppebyy -1#330123 ¢ : =
. il
(2w, &) Latroaace O02fo2 ‘(¥) 1/ '¥e 1§ T (tv) DIIes pooyeEmIAbEeg €2 i o .
(srncy 2, £ terwa agfoe o4 AT ol T viIeu -%ﬁwﬂ&.@g-;ﬁ.maaam ] e
\ﬁ euTu9 Tpevetieeyd-< 14 B oA S —
A§O~Q = i w =
P £yyresaem o2f1 ‘(9d) 1/ Ba S TR T84 T outzwipouwxeg-¢°Y 6L < Y | =
£33 T0V10m 0c/T o .
£31TeascH c2/o \
"3 vIzon 02/9T £ o
£131eazcT (2 00 frav)  pindy 032UBL0003 P TOINOTTREH-0°T  ©L L .
- ITO;  OUOPUULRIO3ULA0eT-( (- fxaiT-L 9 ol e o
. !E | ﬁ
2! £33 ammo.w G2 R0 VAR T 48 Gl Gk T riTog - (1LueydoryTu-d)oZ0TYITP ‘ouTsIY el
n@hﬂv 01! £33vvlca Od\u :........ :.. T ﬁ - =
(85w ov; Liggaroma 01T ‘(v "t e=d |
wofup O Lagqent.a o/ (v RO e S M (IS -ouufs-¢, ‘efowvoesvIueqiq SR S &
‘afan ~s) £93ven.00a orio s} M e
ohey 2y L3tTRLe gy /n » ; .
Set 3, Pivvercom LefG: AR V) PI100 -CI0TYS-¢ ‘©ToOUIBINI1eqLQ L2) .”..ﬂ\. Vu
QI 3 e || Be
JO @ g
a:10S e
. =
——— *go1PNAS Inioedg puw peddos] o O3 Pepustodv- 23]
“E2) Ul pUmog eq 1124 9n3uqe ue goPin o TIFIOTLIDPY  “POIBIT F{oro] A6l UPUROLIO) SO SNIWS U] velduey) . Lid s




